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AN INVESTIGATION INTO THE RECOVERY OF
BY-PRODUCTS FROM THE DISTILLATION
WASTES OF ALCOHOL PRODUCTION.
By J. R P. IRVING. 
In Chern. Met. Eng. Vol. 44 page 131 (1937) G. J. Reich describes a
process for the manufacture of power alcohol from molasses, where the stripping 
and evaporation of the fermented wash are carried out simultaneously. In the
steam commmption figures given the evaporations quoted are high. In both 
cases quoted in the article 1·2 lbs. of water/lb. of steam are evaporated in the
first vessel of each evaporator while in the second case an additional quantity of 
alcohol is also evaporated. Despite this the process in which the Htripping and
evaporation are done togeth er in a multiple effect evaporator instead of 
independently in separate apparatus appeared to have possibilities from the 
steam economy and capital costs viewpoints, especially where it is desired to 
recover the by-products from the spent wash. This spent wash contains 
valuable ferti'lizer elements, potassium, nitrogen and phosphorus but requires 
treatment before use, due to its acidic nature (pH4.5-5.0) . The usual treatment 
is concentration in a multiple effect evaporator and then incineration. In this 
way only the potassium is recovered. Further, the wash has a high pollution 
effect (v. Boruff .T.I.E.C. Vol. 31 (1939) p. 1335) and local authorities may
insist on some treatment. None the less the present procedure in Queensland 
is to strip the alcohol from the fermented wash and then run the spent wash 
to waste. 
At the Queensland University the evaporative side of this question was
inveHtigated. While this investigation was being pursued there appeared in 
"��acts about Sugar" Vol. 36 (1941) No.5 a paper on " Cane MolasHes Distillery
Slop'' by N. Scrinivasan giving· calculations of the cost of potash fertilizer
produced as outlined above. He claims a 44ra saving in steam by using the 
Reich process, which is higher than our own figures indicated. The beer still 
steam consumption works out at 22·2 lbs. of steam per gallon of product which
is higher than the usually quoted 18 to 20 lbs.jgallon of product. His figures 
may be the result of actual experience but the point is raised as the high value 
of this figure shows the Reich process in a more favourable light. The allotting
of boiler house capital costs is not quite clear as one would expect steam costs 
to take care of this factor. The use of a "Porrian" furnace is suggested for 
the final incineration but modern practice in other industries would suggest 
the use of a rotary type. DeHpite thesr objections, a strong case is still made 
for the R€ich process.
The plant used for this investigation in the Univ€rsity of (�ueenslancl 
waH a double effect evaporator in which the first vessel was the usual basket 
type (heating surface 28·9 sq. ft.) and the second vessel a forced circulation
evaporator with a heating surface of 9·2 sq. ft. This was equipped with the
usual accessories including a shell and tube condenser and air pump. A 400
gallon fermentation tank was also provided. Both evaporator vessels were 
finally lagged. 
The following is a summary of the results obtained. 
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Overrill Coefficient "U." B.T.U.jsq. ft.j°F/hr. 
In 1st vessel varied from 104 to 333 with an average value of 210. 
In 2nd vessel figures are similar. 
The expected increaf>e in the value of "TT" in the case of the forced
circulation evaporator does not occur. This is doubtless due to C02 in the 
vapours this C02 being derived from the wash and is thus a factor to be borne 
in mind when designing snch a plant. 
Temp. Diff. °F. 
Pre8snre. 
1st wssel 
2nd vessel 
Steam 
1st vessel 
2nd vessel 
Dens·dy of Liq1tid in vessel. 
1st vessel 1-073 to 1-046 
2nd vessel 1-151 to 1-052 
%Alcohol (by weight) in vapour-
1st vessel :34-0% to 15-0% 
2nd vessel 2-36o/o to 0-40% 
Evaporation lbs. liquid per lb. steam-
1st vessel 0-95 to 0-54 
2nd vessel 0-64 to 0-33 
Aver. 13-4°F
Aver. 29·8°F 
Avet·. + 10-0 inches Hg. 
Aver. + 3-5 
Aver. - 12·6 
Aver. 1-059 
Aver. 1-084 
Aver. 21-:lj{.
[t was found very difficult, and in many cases impossible, to maintain 
steady conditions due to the inadequacy of the boiler. This fact, coupled with 
in many cases insufficient wort resulted, in many runs, that densities, etc., did 
not reach normal running conditions, so that most of the results are those for 
the preliminary concentrating period and not for the normal steady running 
conditions. 
The following notes on points arising in the operation of the plant are
appended. 
FROTHING. 
In the case of t.hc ] f-i vessel one, or at the most, two additions of 200-300 
ml. of water shaken with 20-30 ml. of, cotton seed oil proved effective (capacity 
of vessel 114 gallons). 'l'his was sufficient for a day's run. Similar applications, 
used in the case of the 2nd vessel, were not so effective, due to the forced 
circulation, but did effect some measure of control. Constant watching of this 
vessel was necessary. 
SCALING. 
The data available is of limited application due to the necessarily short 
time the evaporator was running and also that during the greater part of that
running time concentration of the liquid was still taking place. In 63! hours 
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running during which 1,183 gallons were treated, the copper tubes were rela­
tively free from scale but the body of the 1st vessel callandria was scaled to a 
thickness of 0·20". 
BOILING POINT RISE. 
It was found by experiment that the liquid concentrated to 65% solid, 
had a B.P.R of 16·2°F. 
RECOVERY OF K20. 
The potash content of Queensland molasses varies from 1·5o/o (in moister 
areas) to 5·0% (in drier areas) with an average of 3·0o/a. That used contains 
4·64o/o. Not all this is available in by-product recovery as the yeasts used have 
potash requirements. 
The following figures are of original molasser-: and concentrate. 
S.G. 
%Solids 
pH . . 
%N 
%P203 
%K20 
Such a concentrate was quite fluid. 
Original MolaRses. 
74·2 
0·38 
0·310 
4·64 
C'ouecn t L'H te. 
1·30 
63·5 
5·64 
1·03 
0·314 
9·56 
To investigate the commercial possibilities of the process the cost involved
in a plant producing 7,360 gallons of 95% alcohol (i.e . 7,000 gallons of abRolute 
alcohol) per day of 24 hours, is assumed. 
The plant iR asrmmed to work 24 hours per day 300 days per year.
All steam fJuantities etc. will be on an hourly basiR.
Assuming wash to cont ain the normal 8% (by volume) alcohol and 90o/a 
recovery the volume of wash pet· honr will be 4,050 gallons. ThiR will have a 
density of 1·04.
It ·will be constituted as follows:­
Alcohol 
Water 
Solids 
'l'otal
2,560 lbs. 
36,480 lbs. 
3,160 lbs. 
42,200 lbs. 
As the final concentrate contains 65% solids it will contain 1,690 lbs. o.f 
water. 
:. There are 2,560 lbs. alcohol and 34,800 lbs. of water to be evaporated.
Taking a triple effect evaporator and ar-;suming steam at 15 lbs.jsq . inch 
(which allows a positive preRsure to be maintained in 1st vessel), Vacuum 25" 
Hg and feed at 25°0,
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Hourly Basis. 
''U." 
Vessel. 
Lbs. 
Water. 
REICH PROCESS. 
Steam 17,130 lbs.jhr. 
1st and 2nd vessels 
3rd vessel. 
Evaporation. 
Lbs. Equiv. Lbs. 
Ale. Water. 
Area of each vessel 2,150 
sq. ft. 
200 B.T.U.jsq. ft.j°F /hr. 
150 B.T.U.jsq. ftpF /hr. 
Evap.;I.hs. Steam. 
'l'otal 
Lbs. Lbs. Equiv. IJbH. Water. Ale. Water. --- --
1 
2 
3 
space. 
. . 
. .
. . 
Total 
.. 
. . 
. . 
. . 
. . 
. . 
.. I . . 
10,500 2,440 
12,600 120 
12,300 Nil 
34,800 2,560 
11,440 0·613 0·142 0·667 
12,047 0·700 0·007 0·704 
I 12,300 0·718 0·718 35,787 I 2·031 ,- 0·149- ,- 2·089-
All the 1Rt vessel vapour is assumed to be conclenRed in 2nd vessel heating 
:B'or�rard feed is adopted. 
The condensate from the 2nd vessel heating space is approximately 19;7a 
alcohol by weight and is to be fed to the rectification column. That from the 
3rd vessel heating space (approx. 1%) is to be used to dilute further batches 
of molasses as this practice has no adverse effect on fermentation efficien ey. 
0RDIN.\RY PROCESS. 
Same a::;:mmptions as before. Hour·ly basis. 
Steam require<l 15,700 1bs.jhr. Area of rach nssel 2,180 sq. ft.
1st vessel 
2nd vessel 
3rd Yessel 
'l'otal evap.jhr. 
12,200 lhs. 
13,250 lbs. 
13,360 lbs. 
lhs. water/lb. stE:>nm. 
0-777 
0-844 
0-851 
38,810 lbs. 2-472 
In comparing the two processes it 1s necessary to allow for the steam
consumed by the beer still in the ordinary proce::;s. Tn both cases thE' 
rectification steam will be practically the same.
On the basis of the figures given in Reich's article the steam consnmption
of tlw beer still in the l'ircnmstances considered, wonlcl lw fi-760 lbs.jhr. 
Comparing the two proce.ssrs-
Reie.h. 
:BJvap. steam 17,130 lhs.jhr . 
+ Steam for auxiliariPs ete. 
(10;7a) 1,713 lbs.jhr. 
BPer :;;till steam .. 
18,843 lhs.jhr. 
Ordinary. 
15,700 
1,570 
5,760 
23,030 
lbs.jhr . 
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'fhis shows a saving of 4,187 lbs. ( approx. 18o/o) of steam in favour of 
the Reich process. 
CosT OF CoNCENTRATION. 
In the costing, to allow for the simultaneous production of alcohol along 
with the evaporation in the Reich process, adjustments are made to the 
evaporator capital cost and steam consumption on the basis of the cost and steam 
consumption of a suitable beer still, such proportion of costs being debited 
to alcohol production. In both processes a triple effect evaporator of 2,200
sq. ft. heating surface in each vessel is taken, fitted with copper tubes. Using 
figures in Tyler ''Chemical Engineering Economics'' and taking dollar at 4 to 
£1, cost of evaporator and accessories = £10,500. 
Cost of Beer Still ( v. Trans. 
Amer. Inst. Chern. Engi-
neers 1935 p. 572) £1,400 
(debited to evaporation) 
:. Capital cost in Reich process = £10,500 - £1,400 = £9,100 
Capital cost in ordinary process = £10,500 
'faking interest at 6 % ,  depreciation on evaporator at 5o/a, steam at 2/5 
per 1,000 lbs., cooling water (30 lbs.j�b. of Rteam ) at 2d. per gal�on (pumping
cost), direct labour, 1 operator workmg 44 hrs.jweek at £6. mamtenance and 
supplies at 6% and supervision and overhead at £15 per ·week. Then cost of 
producing concentrate per day-
Interest on investment 
Depreciation 
Steam 
Cooling W a.ter
Direct labour 
Maintenance and repairs 
Supervision and overhead 
Heir h proeess. X ormn l process. 
£1.82 £2·10 
£1.51 £1.75 
£37·90 £50·10 
£6·81 £9·42 
£3.27 £3.27 
£1·82 £2.10 
£2·60 £2·60 
£55·73 £71·34 
Concentrate is produced at hourly rate of 4,840 lbs. On basis of 
previously given analysis and with KCl at £18/ton, superphosphate at 
£6 :H) :6/ton and ammonium sulphate at £13/ton. 
The daily value of this concentrate is­
K20 (= KC1)
P205 ( = superphosphate)
N ( = ammonium sulphate)
£1±1:14:0 
£5:10:0 
£32:16:0 
£180: 0:0 
This production is obviously profitable. However, by incinerating this 
concentrate (when only the K20 will be available) and assuming a 75o/o recovery,
the daily value of the fertilizer would be £106. The cost of a rotary furnace 
is taken at £2,500 driven by a 10 H.P. motor with power at 1d. per KiWH. This 
furnace could be used for steam raising purpoRes, thus reducing the evaporation 
costs. (This is not here taken into account.) 
Coal consumption is taken as 0·7 tons per 2,500 gallons of concentrate 
(S.G. 1·30) and labour if:1 assumed as 1man at £5 per 44 hour week. 
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Then cost of incineration would be (on a 
l!�ixed charges
Coal 
Power 
IJabour 
daily basis)­
£2-60 
£4-02 
£0-78 
£2-73 
£10-13 
lienee total cost of incinerated product is-
Reich process. N onnal proccs�-
Evaporation 
Ignition 
£55-73 
£10-13 
£65-86 
£71-34 
£10-13 
£81-47 
This ash has a value of £106. It is however produced from molasses 
containing 4-641a of potassium, whereas the average is 3%. By proportion (not 
necessarily correct as yeast requirements will be roughly constant) the Reich 
process would require 2-9 of potassium in the original molasses, while the normal 
process would require 3-6 of potassium in the molasses for either to be economi­
cally feasible. Thw; the l�eich process would be possible with normal or high
potash molasses, but not with the low potash molasses (from the moist North
Queensland districts). There is thus a distinct financial advantage in the 
adoption of the Reich process. As the steam cost is 52% of the total cost, it
follovvs that any reduction in this item would greatly increase the range of
molasses which could be treated . In the steam cost, coal (here assumed at 32/­
per ton) accounts for 87% of the total cost. Thus, any reduction in the cost of 
coal would reduce evaporation costs. 
'l'wo other possibilities are the use of process steam, which is the usual 
procedure, when available, which would greatly reduce steam costs and/or the
use of the incinerator to raise low temperature steam, which again would reduce
steam costs. 
This investigation was made possible by the provision of funds from a 
Commonwealth Research Grant to the University of Queensland.
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